at a resolution of 0.5 µV. To control for MEPs during the experiment, electromyography was 1 3 9 measured using a bipolar montage on right first dorsalis interosseous muscle with tendon 1 4 0 reference on the index finger (brainAmpExG®, Brain Products GmbH, Gilching, Germany). two small coils with an inner radius of 25mm (P/N 1165-00, connected via an inline inductor, were recorded, amplified and converted using a CED 1902 and a CED micro 1401 (CED, remaining time to 2s was added to the post interval. Thus, in total an interval of 2s was added to each trial. The inter-trial interval was 6s. Pulse-train experiments 1 7 7
A total of 8 trials were recorded for each of the presented 4 conditions during the rTMS 1 7 8
session. RTMS was performed with a frequency of 11Hz resulting in 20 pulses per trial. was applied in windows of 2s, the last pulse being the start of the post-stimulus interval.
Again, a jittered interval (0-2s) was added to the pre-stimulus interval and the remaining time The experiment was further adjusted in one participant who was willing to participate in an
extended experimental session in which several additional control conditions were added.
Due to safety concerns (see section 3.3.) the stimulation intensity was reduced to 70% of implemented. We (vi) inverted a 70mm coil and asked the participant to define the intensity
that provoked the same sensation as the TMS-application with the small coils. The
participant reported a comparable sensation at 33% stimulator output. Hence we performed a stimulation with the inverted 70mm coil with an intensity of 33% stimulator output.
9 5
Furthermore, an (vii) auditory stimulation was performed by holding one TMS coil behind the
participant's head (no contact with the skin). The stimulation was applied using the distance
from left ear to M1, holding the coil planar and pointing to the participant's left ear with an trial length of the adjusted setup was analogue to original study setup. First, single-pulse TMS data were processed into trials from -2 to 2s from the TMS pulse and 2 0 7 rTMS data were processed from -4 to 2s from last TMS pulse of each train. Second, the TMS after interpolation. One pass reverse filtering was used to avoid a contamination by filter-
ringing in the signal following TMS pulse. After filtering, data was shifted by half the filter
order to correct for filter-induced offset. To analyze local phase properties, the filtered data
were Hilbert transformed. Due to the small sample size, results are based on visual
inspection. We did not perform statistical testing.
1 8
In general, the EEG data were analyzed with the FieldTrip package (Oostenveld et al., 2011)
on the basis of MATLAB, version 9.2.0.538062 (Mathworks Inc., Massachusetts, USA). 
Results

2
All participants tolerated the various forms of single-pulse TMS and rTMS well. No severe 2 2 3 adverse effects occurred. 3.1. TMS intensities 2 2 6
As described in section 2.1, initially, RMT was detected in each participant. In one 2 2 7 participant, it was not possible to elicit stable MEPs (with the coil placed on top of the cap-
mounted electrodes). In another participant, it was not possible to elicit any response in the EMG at all. In all other participants, TMS was applied with 90% RMT which corresponded to 2 3 0 81% stimulator output (±7%) on the Super Rapid 2 and 80% stimulator output (±7%) on the
Super Rapid 2 plus, respectively. In the extended experimental session performed in one Rapid 2 plus) corresponding to 70% RMT. Since this study focuses on the modulation of ongoing oscillatory activity, TMS-related local 2 3 7
phase locking of 11Hz alpha-band was computed as a first step. To comprehend EEG 2 3 8
responses to a TMS application with the 25mm coils, EEG during monofocal, single-pulse stimulation.
4 7
To clarify the influence of somatosensory and auditory input induced by subthreshold TMS,
we performed an additional session including somatosensory and auditory stimulation in a 2 4 9 single subject. This set of experiments confirmed and extended the key findings of our study:
Auditory, somatosensory and combined auditory-somatosensory input led to both an evoked 2 5 1 potential as well as a directedness of 11Hz-band phase-angles comparable to a "verum"
TMS over M1. Figure 3 shows TEPs, figure 4 shows phase angles of eight conditions sham condition in this subject was contaminated by excessive muscle artifacts and was not to TEPs of a stimulation over M1 (Fig. 3B) . Also, the effects of sham and verum conditions of clear-cut pattern (Fig. 4 , "PMv-M1", "aIPS-M1") which is less obvious in monofocal cortical 2 6 1 (Fig. 4," sham", "sham inverted coil", "M1") or unimodal sham (Fig. 4 , "somatosensory", 2 6 2 "auditory") stimulation. Non-cortical, bimodal sham stimulation (Fig. 4 , "somatosensory + 2 6 3 auditory"), however, evokes a pattern indistinguishable from that associated with cortical, 2 6 4 bifocal stimulation (Fig. 4 , "PMv-M1", "aIPS-M1"). stimulating with formally 'subthreshold' intensities. As described in section 2.3., RMT was
detected for each coil and stimulator respectively. Intensity was adjusted to 90% RMT. In this
presented case of non-intended suprathreshold stimulation, PMv-M1 was the first condition of the repetitive part in our randomized design. The experiment was stopped. Figure 5 shows
EMG activity in a single participant before terminating the experiment. Additionally, repetitive bifocal TMS also elicited MEPs in one of the pre-pilot experiments, which were performed to establish RMT-measurements, neuronavigation and the customized code for TMS-triggering. In one of those pre-pilot participants, it was not possible to evoke
MEPs with any of the 25mm coils (applied separately) up to a machine-output of 100%. A assuming a RMT of at least "101%". Since visually detectable MEPs were then elicited, the 2 8 0 experiment was stopped (data not shown). Irrespective of neuronavigation and the already very small coil size (Fig. 1 ), aIPS and M1 or 2 8 4
PMv and M1 could be roughly targeted but the deviation from anatomical target was only Inducing phase synchrony by non-invasive brain stimulation is a potentially interesting and it is conceptually suited to enhance interregional coupling of oscillatory brain activity (Helfrich , 2014; Plewnia et al., 2008; Schwab et al., 2018) . Based on these considerations, we
aimed at establishing a feasible setting for entraining key cortical areas known to be engaged
in the motor recovery process after stroke (Bönstrup et al., 2018 (Bönstrup et al., , 2016 Rehme et al., 2011 ; participants, we observed unexpected technical and physiological effects that finally
questioned the application of rTMS in this setting. There turned out to be three key observations that need to be discussed. First, major to how closely neighboring target areas can be (i.e., PMv-M1, aIPS-M1). Third, due to the 3 0 7
close vicinity of the two 25-mm 8-shaped coils, the field strength was augmented so that we (1) Specificity of EEG responses
The motivation for our approach came from publications indicating that oscillatory coupling
signatures are indicative of the cortical reorganization process in stroke patients (Bönstrup et , 2018, 2016, 2015) . Moreover, these EEG findings are well in line with structural and
functional connectivity analyses in other modalities like functional MRI or diffusion-tensor
imaging (DTI) (Horn et al., 2016; Rehme et al., 2011; Schulz et al., 2016 Schulz et al., , 2015a Schulz et al., , 2015b ) and effects on motor behavior and recovery after stroke. First, to contrast responses to bifocal stimulation, control conditions of monofocal M1 and the EEG responses to TMS were also detectable in the EEG after sham stimulation (Fig. 2) .
This holds true for both TEPs and phase analysis: the major components were triggered both analysis are possibly owing to the fact that phase synchronization is a causal factor for the
presence of time-averaged evoked potentials (Makeig et al., 2002) .
The lack of specificity could be related to a non-specific reaction of the cortical neuronal network but also, more trivially, to another property that TMS to M1 and PO3 have in common, that is, auditory or skin sensation. To further evaluate this, additional sham
conditions were applied in a single subject. Key finding of this additional experiment was that 3 4 1 especially auditory stimulation lead to comparable effects on TEPs (see Fig. 3C , red line).
4 2
The combination of somatosensory and auditory stimulation was sufficient to cause phase- M1 (Fig. 4) . In earlier double-pulse TMS experiments, these controls were not uncommon 3 4 5 (Ferbert et al., 1992; Gerloff et al., 1998; Ugawa et al., 1994 Kraus, D., Naros, G., Bauer, R., Khademi, F., Teresa, M., Ziemann, U., Gharabaghi, A., Corticospinal Excitability. Brain Stimul. 9, 415-424. Makeig, A.S., Westerfield, M., Jung, T., Enghoff, S., Townsend, J., Courchesne, E., for advanced analysis of MEG, EEG, and invasive electrophysiological data. Comput. Plewnia, C., Rilk, A.J., Soekadar, S.R., Arfeller, C., Huber, H.S., Sauseng, P., Hummel, F., 
